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(54) Method for the production of polymers

(57) The present invention relates to methods useful
for the production of polymer powder, and in particular
to a method for transitioning from a first process for pro-
duction of a first polymer to a second process for the
production of a second polymer during a polymerisation
campaign in a polymerisation apparatus, said polymeri-
sation apparatus comprising a reaction vessel and a de-
gassing vessel, in which the respective first and second
processes each comprise:
(a) bringing a principal olefin and a comonomer into con-
tact with a catalyst under gas phase polymerisation con-
ditions in the reaction vessel to form the respective first
or second polymer, wherein said first and second process
utilise the same principal olefin but differ in at least one
of (i) the comonomer used and (ii) the reaction temper-
ature at which the polymer is produced, and
(b) subsequently contacting the respective first or second
polymer with a purge gas in the degassing vessel to re-

move unreacted monomers,
characterised in that the method for transitioning com-
prises changing the flow rate of purge gas in the degas-
sing vessel from a first rate, X1, used for degassing of
the first polymer to a second rate, X2, used for degassing
of the second polymer, the second rate being defined
relative to the flow rate, Xi, and temperature, Ti, used for
an earlier polymer produced during the campaign using
the same comonomer as the second process, and the
reaction temperature, T2 in the second process, and that
a. where T2 is increased relative to Ti, X2 is at least 1%
lower than Xi for each 1°C increase in T2 compared to Ti,
b. where T2 is decreased relative to Ti, X2 is at least 1%
higher than Xi for each 1°C decrease in T2 compared to
Ti, and
c. where T2 is equal to Ti, X2 is at least equal to Xi, pref-
erably equal to Xi.
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Description

[0001] The present invention relates to methods useful for the production of polymer powder.
[0002] The production of polymer powder by polymerisation reactions of monomers in the presence of catalysts is
well-known. For example, processes are known and widely operated commercially using both fluidized bed reactors
and slurry phase reactors.
[0003] In the gas fluidised bed polymerisation of olefins, for example, the polymerisation is conducted in a fluidised
bed reactor wherein a bed of polymer particles is maintained in a fluidised state by means of an ascending gas stream
comprising the gaseous reaction monomer. During the course of polymerisation, fresh polymer is generated by the
catalytic polymerisation of the monomer, and polymer product is withdrawn to maintain the bed at more or less constant
volume. An industrially favoured process employs a fluidisation grid to distribute the fluidising gas to the bed, and to act
as a support for the bed when the supply of gas is cut off. The polymer produced is generally withdrawn from the reactor
via a discharge conduit arranged in the lower portion of the reactor, near the fluidisation grid.
[0004] The polymer product removed from the reactor may contain unreacted monomers and other hydrocarbon
species (for example, hydrogen, ethane, methane, propane, pentane, hexane, butane) and these monomers and other
hydrocarbons should be removed from the polymer product since failure to do so may lead to (a) hydrocarbons levels
rising to explosive levels in downstream equipment or (b) environmental constraints being exceeded.
[0005] One step that is typically used is to contact the produced polymer with a gas in a purge vessel, usually a counter-
currently flowing inert gas, such as nitrogen, to remove entrained monomers and other hydrocarbons. Said step is may
be referred to as "purging" or "degassing".
[0006] There are a number of prior art patents which describe methods for the removal of such hydrocarbons from
the products of gas phase and slurry processes including such a step, such as US 4,372,758, EP 127253, EP 683176,
EP 596434, US 5,376,742 and WO 2005/003318 .
[0007] US 4,372,758, for example, describes a degassing process which uses an inert gas such as nitrogen for the
removal of unreacted gaseous monomer from the polymer product. Solid polymer is conveyed to the top of a purge
vessel by means of an inert gas system, an inert gas stream is introduced into the bottom of the purge vessel and the
solid polymer is counter currently contacted with the inert gas stream to remove the unreacted gaseous monomers from
the solid polymer product. The unreacted monomers may then be mixed with an inert gas stream which is often passed
to a flare for disposal or vented to the atmosphere.
[0008] EP 127253 describes a process for the removal of residual monomers from ethylene copolymers by subjecting
the copolymer to a reduced pressure zone sufficient to desorb the monomer, sweeping the copolymer with reactor gas
which is free of inert gases and recycling the resultant gas containing the desorbed monomer to the polymerisation zone.
[0009] A number of factors affect the rate at which the residual monomers and other components that might be present
are removed. US 4,372,758 describes a number of these, including temperature and pressure in the purge vessel, resin
particle size and morphology, monomer concentration in the resin, purge gas composition (monomer content) and purge
gas flow rate, but there are also others. These factors determine the required residence time in the purge vessel in order
for the residual monomer level in the polymer to be reduced to safe levels prior to further downstream treatment, but
although the requirements can be determined experimentally or by past process experience for any particular polymer,
the relationships are generally complex.
[0010] In general, despite the above, it is still difficult to remove all residual hydrocarbons in an economic manner.
Thus, whilst purge gas rates, purge gas purity (level of hydrocarbons already present), temperature and residence times
in the degassing step may all, in theory, be increased to give complete hydrocarbon removal for any particular polymer,
the costs associated with such steps mean that it is conventional that small amounts of hydrocarbons remain in the
polymer even after degassing, and storage silos are normally purged to prevent build-up of hydrocarbon vapours de-
gassing with time from the stored polymer.
[0011] Further, in operation of a commercial polymerisation process it is typical to produce a sequence of different
polymers by variation of reaction conditions, such as temperature or comonomer used with time, this being a so-called
"polymerisation campaign". Although the degassing may be well optimised for some of the polymer products that might
be made, degassing processes are often designed to be relatively inflexible in operation for degassing of other polymer
products, with more or less reliance made on the subsequent storage purge to deal with the residual hydrocarbons rather
than variation in degassing conditions.
[0012] More recently, WO 2008/024517 has described a method and apparatus for managing volatile organic content
of polyolefins. In this disclosure a purge column model is described which is based on mass transfer theory, and which
is used to control the degassing process such that the purge rates may be varied dependent on the polymer to be
degassed.
[0013] However, such a process is relatively complicated, and is only as accurate as the model on which it is based.
[0014] It has now been found that, when transitioning from the production of a first polymer to production of a second
polymer, the change in conditions for the degassing process for the second polymer can be relatively simply controlled
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based on the degassing conditions during an earlier polymer production.
[0015] Thus, in a first aspect, the present invention provides a method for transitioning from a first process for production
of a first polymer to a second process for the production of a second polymer during a polymerisation campaign in a
polymerisation apparatus, said polymerisation apparatus comprising a reaction vessel and a degassing vessel, in which
the respective first and second processes each comprise:

(a) bringing a principal olefin and a comonomer into contact with a catalyst under gas phase polymerisation conditions
in the reaction vessel to form the respective first or second polymer, wherein said first and second process utilise
the same principal olefin but differ in at least one of (i) the comonomer used and (ii) the reaction temperature at
which the polymer is produced, and
(b) subsequently contacting the respective first or second polymer with a purge gas in the degassing vessel to
remove unreacted monomers,

characterised in that the method for transitioning comprises changing the flow rate of purge gas in the degassing vessel
from a first rate, X1, used for degassing of the first polymer to a second rate, X2, used for degassing of the second
polymer, the second rate being defined relative to the flow rate, Xi, and temperature, Ti, used for an earlier polymer
produced during the campaign using the same comonomer as the second process, and the reaction temperature, T2 in
the second process, and that

a. where T2 is increased relative to Ti, X2 is at least 1 % lower than Xi for each 1°C increase in T2 compared to Ti,
b. where T2 is decreased relative to Ti, X2 is at least 1% higher than Xi for each 1°C decrease in T2 compared to Ti, and
c. where T2 is equal to Ti, X2 is at least equal to Xi, preferably equal to Xi.

[0016] In the method of the present invention, the flow rate of the degassing process for the second polymer is controlled
based on the degassing of an earlier polymer which is produced during the campaign using the same principal olefin
and comonomer, and the temperature difference in the respective processes in which they are produced.
[0017] In particular, within a polymerisation campaign it is usual to produce a number of different polymer products.
Over the course of a campaign the catalyst "type" and the principal olefin are likely to be "fixed" but it may be desirable
to produce a number of polymers using different comonomers and a number of different polymer using a common
comonomer, but with varying polymer properties, such as melt index and density. The latter generally requires changes
in the reactor temperature, and usually also changes in the relative ratio of the comonomer to monomer in the polym-
erisation process.
[0018] Thus, transitions can, among others, be envisaged in which:

(1) the same comonomer is kept, but the temperature is changed and possibly the amount of comonomer in the
reactor,
(2) the comonomer is changed, optionally also with changing of the temperature.

[0019] The method of the present ensures that degassing operation remains within a relatively narrow window in which
the safety requirements for the second polymer are met but excessive amounts of purge gas are not used over and
above that required for safe operation. The present invention achieves this by referring back to an earlier degassing
flow rate used for production of a polymer using the same comonomer as the second process to which the polymerisation
campaign is being transitioned, rather than the immediately preceding polymer, and such that any significant changes
in temperature in operation compared to said earlier process result in a change in degassing flow rate.
[0020] It is, in theory, possible to change the degassing flow rate for a new polymer being produced to one based on
the immediately preceding polymer, and then base the subsequent transition on said polymer and so on. However, in
general this requires either very accurate calculation of the degassing flow rate required for the polymer after each and
every transition, or the safety margins required to account for any assumptions or simplifications made mean that, over
a number of transitions, the operator ends up using a much higher flow rate than is actually required. For example, it
may be possible to transition from a first polymer produced at a reaction temperature T1 to an increased temperature
T2, and then transition back the first polymer or another polymer also produced at the temperature T1 and not return to
at least the original flow rate unless a very accurate calculation were used or a large margin of error is applied. Thus,
in the present invention reference to an earlier polymer, which is other than the first polymer for a particular transition,
is used.
[0021] In the present invention relatively simple control of the degassing flow rate of the subsequent polymers (second
polymers) can be achieved by always referring back to the degassing conditions for an earlier polymer produced using
the same co-monomer. This provides a much higher level of simplification of the calculation of suitable flow rate for a
particular second polymer, with a suitable margin for error, but always within a reasonable range compared to the value
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that would be calculated if a more complicated calculation were used.
[0022] Thus, once the earlier operation has been selected by the operator to provide sufficient (safe) degassing for
the particular earlier polymer, referring back to this earlier operation for all subsequent polymers made with the same
comonomer ensures preferred degassing operation even after a large number of transitions.
[0023] The same "earlier polymer" may be used as the reference for all subsequent transitions to second processes
using the same comonomer. Usually, the "earlier polymer" will be the first made in a particular campaign using the same
comonomer as the second process, and there will be different "earlier polymers" for each comonomer used in a campaign.
[0024] The method of the present invention has the advantage that once the values Xi and Ti for the earlier polymers
are set for each comonomer to be used in the campaign, the subsequent flow rates, X2, for other polymers to be produced
may be easily determined based on these values and the temperature T2.
[0025] This provides a much simpler polymerisation process than independently calculating degassing conditions for
each individual polymer to be produced during a campaign, for example in a similar manner to WO 2008/024517.
[0026] Without wishing to be bound by theory, when the comonomer is the same for two different polymers being
produced, a number of the variables which might affect the degassing process do not change, or the changes e.g.
monomer concentration, will not have a significant effect on the degassing requirements. It has been found that, once
the degassing flow rate for an earlier polymer product has been set, the degassing flow rate for the subsequent polymer
products using the same comonomer can be simply determined relative to this and based on the relative temperatures
of the earlier polymer production and the subsequent polymer production.
[0027] An important advantage of the method of the present invention is that very simple relationships between the
degassing rate required for the second polymer and the degassing rate of the earlier polymer may be used.
[0028] Thus, in the present invention, the degassing flow rate in said second process is as follows:

a. where T2 is increased relative to Ti, X2 is at least 1% lower than Xi for each 1°C increase in T2 compared to Ti,
b. where T2 is decreased relative to Ti, X2 is at least 1% higher than Xi for each 1°C decrease in T2 compared to Ti, and
c. where T2 is equal to Ti, X2 is at least equal to Xi, preferably equal to Xi.

[0029] This is possible because, in a general gas phase polymerisation process, and hence in the method of the
present invention, minimal, and preferably no, specific heating or cooling is applied to control the temperature of the
polymer product removed from the reactor vessel prior to the degassing vessel, and thus the temperature of the polymer
entering the degassing vessel is directly related to the temperature at which it is formed in the reaction vessel.
[0030] In the present invention, where the reaction temperature is increased in the second process compared to the
earlier process, the flow rate of purge gas in the second process can be reduced compared to the earlier process. In
particular, where T2 is increased relative to Ti, X2 is at least 1% lower than Xi for each 1°C increase in T2 compared to Ti.
[0031] Clearly the flow rate, X2, whilst it can be reduced relative to Xi, should not be reduced excessively (unless for
some reason the original flow rate, Xi, is significantly above the required minimum flow rate for the original polymer).
Preferably, X2 is no more than 3% lower than Xi for each 1°C increase in temperature in T2 compared to Ti, and most
preferably X2 is reduced relative to Xi by an amount of 2% to 3% for each 1°C increase in T2 compared to Ti.
[0032] In contrast, where the reaction temperature is decreased in the second process compared to the earlier process,
the flow rate of purge gas in the second process is increased compared to the earlier process. In particular, where T2
is decreased relative to Ti, X2 is at least 1% higher than Xi for each 1°C decrease in T2 compared to Ti. In this case,
increasing the flow rate significantly more than this minimum does not cause any safety concerns, but there is a cost of
doing so. Preferably, X2 is increased by less than 10% compared to Xi for each 1°C decrease in temperature in T2
compared to Ti, and most preferably is increased by an amount of 3% to 5% for each 1°C decrease in T2 compared to Ti.
[0033] Finally, where T2 is equal to Ti, X2 is at least equal to Xi. Again, in this case, increasing the flow rate significantly
more than this minimum does not cause any safety concerns, but there is a cost of doing so. Preferably, in this case the
flow rate X2 is less than 5% greater than Xi, more preferably in the range 0% to 2% greater than Xi, and most preferably
equal to Xi. It can be noted that there could be a differential in the relative increases and decreases in the flow rates
when temperature changes. In particular, caution exercised when decreasing temperature (relative to Ti) favours in-
creasing flow rates more than may be necessary, whereas when increasing temperature caution favours not decreasing
the flow rates excessively.
[0034] In one embodiment of the present invention, each polymer produced during a campaign will have a degassing
flow rate defined based on its actual production temperature (and the comonomer used). In such a scenario every change
in reaction temperature results in a change in the flow rate in the degassing step to correspond to the required flow rate
for the second polymer being transitioned to.
[0035] However, in an overall campaign it is not necessary for every temperature change from T1 to T2 to result in a
degassing flow rate change according to the method of the present invention. In particular, although it is possible to
change the flow rate for every change in temperature from T1 to T2 at which the first and second polymers are produced,
even if the temperature difference is relatively small, as in the first embodiment, for practical operational purposes it may
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be deemed unnecessary to change the degassing flow rate if only small changes in temperature are made. Thus, the
flow rate may not changed, even though the reaction temperature changes, unless the temperature differential between
T1 and T2 is more than a defined value, for example 5°C.
[0036] To ensure that the safety requirements of the degassing process are still met, X2, and hence X1, should still
meet the requirements relative to Xi of the relevant criteria a, b or c as defined herein. In this scenario changing the
degassing flow rate is not necessary.
[0037] In a particularly preferred embodiment, it is convenient to define temperature bands, for example of 10°C or
5°C, where the purge rate is not changed for transitions between products produced within a particular temperature
band, the purge rate only being changed when a transition occurs to a temperature, T2 in another band to that of T1.
[0038] Generally, the narrower the bands in such an embodiment the more optimum is the degassing over a range
of products, so a range of 5°C or less is preferred for each band. As specific examples, the defined bands may be
70-75°C, 75-80°C, 80-85°C, 85-90°C, 90-95°C etc, although it will be readily apparent that other bands of width of 5°C
may be equally valid. Equally there is no necessity for the temperature bands to be a uniform range, e.g. 5°C, across
the full operational window of polymer production. For example, a band of 5°C may be used at "lower" temperatures,
and a wider band, of e.g. 10°C, may be used at "higher temperatures".
[0039] In this embodiment, the flow rate in each band will usually be based on the lowest temperature operation in
each band, since this requires the highest degassing flow rate.
[0040] In general, transitions in which the comonomer is not changed are also significantly less complicated that those
in which the comonomer is changed, and thus it is often desirable, within an overall polymerisation campaign, to produce
a number of polymers using the same comonomer in one sequence, before transitioning to polymers produced using a
different comonomer, and producing a number of these in sequence.
[0041] In this embodiment, a sequence of polymers may be produced using the same comonomer and with varying
reaction temperatures, and the flow rate in the second process may be determined based solely on the relative changes
in temperatures in the second process compared to a common earlier process
[0042] At some stage however, it is generally desired to make a transition in which the comonomer is changed. In the
method of the present invention, this will result in a change in the earlier polymer which is referenced to determine the
flow rate, X2, required for the second polymer. Otherwise, however, the same relationships apply. Thus, transitions in
which the comonomer is changed, optionally at the same time as temperature, can also be easily accommodated in the
present invention.
[0043] The present invention takes place in a polymerisation apparatus comprising a reaction vessel and a degassing
vessel.
[0044] In the reaction vessel and for each polymer a principal olefin and a comonomer are brought into contact with
a catalyst under gas phase polymerisation conditions to form the respective first or second polymer.
[0045] The reaction vessel may be any suitable reaction vessel suitable for operation of a gas phase polymerisation
reaction. Preferably, each reaction is carried out continuously in a gas phase fluidised-bed reactor. Such reactors and
their operation are well-known, and examples include EP 0 475 603, EP 1 240 217, EP 1 484 344 and EP 0 855 411.
[0046] Two or more reaction vessels which are used sequentially to produce a final polymer product may be present
in a commercial polymerisation process. One example of such processes is the production of bimodal polyethylenes
using two reactors operating under different conditions. In such scenarios, the reaction vessel of step (a) of the present
invention is the last reaction vessel in the sequence. For avoidance of any doubt, the earlier vessels in the sequence
may be gas phase, especially fluidised bed, processes for production of polymers, but need not be and may, for example,
be slurry phase processes.
[0047] In such processes, the particles of polymer being formed are maintained in the fluidized state by virtue of a
reaction gas mixture containing the monomers to be polymerized travelling in a rising stream. The polymer thus manu-
factured in powder form is generally drained from the reactor in order to keep the bed of fluidized polymer particles at
a more or less constant volume. The process generally employs a fluidization grid which distributes the reaction gas
mixture through the bed of polymer particles and which acts as a support for the bed in the event of a cut in the flow of
the rising gas. The reaction gas mixture leaving at the top of the fluidized-bed reactor is recycled to the base of the latter
under the fluidization grid by means of an external circulation conduit.
[0048] The polymerisation of the olefins is an exothermic reaction. The reaction mixture comprising the olefins to be
polymerized is generally cooled by means of at least one heat exchanger arranged on the outside of the reactor before
being recycled.
[0049] The reaction mixture may also comprise one or more inert compounds, especially inert gases such as nitrogen,
and/or one or more saturated hydrocarbons such as ethane, propane, butane, pentane and hexane. One or more
compounds may be injected into the reaction zone in liquid form. Vaporisation of the liquid in the reaction zone provides
the effect of cooling directly in the reaction zone.
[0050] The polymerisation is suitably carried out in the gas phase at an absolute pressure of between 0.5 and 6 MPa
and at a temperature of between 30°C and 130°C. For example, for LLDPE production the temperature is suitably in
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the range 75-100°C and for HDPE the temperature is typically 80-115°C depending on the activity of the catalyst used
and the polymer properties desired.
[0051] The total pressure in the gas phase polymerisation reactor is most preferably between 1.5 and 3 MPa.
[0052] "Principal olefin", as used herein, means the olefin which is incorporated into the produced polymer in the
greatest amount (by weight). Usually this will also be the olefin present in the reaction mixture in the greatest amount
and which is provided to the reaction mixture in the greatest amount.
[0053] "Comonomer", as used herein, means an olefinic reagent other than the principal olefin, and which is desired
to be incorporated in the polymer product.
[0054] The principal olefin is preferably selected from ethylene and propylene.
[0055] The comonomer olefin is preferably selected from olefins having 2 to 12 carbon atoms (other than the principal
olefin). Suitable comonomer olefins are ethylene, propylene, 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene.
More preferably, the comonomer is selected from 1-butene, 1-hexene or 1-octene.
[0056] Most preferably, the olefin is ethylene and the comonomer is 1-butene, 1-hexene or 1-octene, especially 1-
hexene or 1-octene.
[0057] More than one comonomer may be present in the earlier, first or second polymerisation process, although
preferably only one comonomer is present in each.
[0058] The product polymer removed from the reaction vessel is passed to a degassing vessel wherein it is contacted
with a purge gas to remove unreacted monomers (principal olefin and comonomer(s)).
[0059] The temperature, T, in the degassing step is typically in the range 50 - 110°C. As used herein, this temperature
is defined as the powder temperature measured at the outlet to the degassing step.
[0060] The pressure, Ptot, in the degassing step is typically in the range 0 to 1 barg (100 to 200 kPa).
[0061] The degassing vessel of the present invention may be one of two or more degassing vessels in which contacting
with a purge gas to remove volatile hydrocarbons occurs. The purge vessel may also consist of a "combined degasser"
in which two or more degassing stages are present in a single degassing column.
[0062] Thus, two or more stages may be present in which different purge gases are contacted with the polymer powder.
It is a requirement of the present invention that the flow rate of purge gas in at least one degassing vessel is varied as
claimed.
[0063] The purge gas may be recycle purge gas or an inert gas, or may comprise a mixture thereof. A particularly
preferred inert gas is nitrogen. "Recycle purge gas", as defined herein, is purge gas removed from the outlet of the
relevant degassing vessel or another degassing vessel, if present, and passed to the inlet of the degassing vessel,
optionally after treatment to remove degassed hydrocarbons.
[0064] In a preferred embodiment of the present invention, the degassing vessel in which the flow rate of purge gas
is varied as defined herein, is the first of two degassing vessels. Preferably, the purge gas to said first degassing vessel
("first purge gas") comprises at least a portion of recycle purge gas recycled from the outlet of said first degassing vessel.
Prior to recycle, said stream is preferably treated to remove at least some of the degassed hydrocarbons therefrom.
[0065] A second purge gas is provided to the second, subsequent, degassing vessel. Most preferably, the second
purge gas is an inert gas, especially nitrogen. The flow rate of said second purge gas may be constant or may also be
varied with polymer product.
[0066] The catalyst used in production of the earlier polymer, the first polymer (where not the earlier polymer) and
second polymer is of the same "type". "Catalyst type" as used herein refers to the common classes used to distinguish
polymerisation catalyst systems, and combinations thereof. Thus, "metallocene", "Ziegler" (or "Ziegler-Natta") and "Phil-
lips" (or "chromium") catalysts are all "types" of catalyst according to the present invention. In addition, "mixed catalysts"
comprising two or more of these e.g. a mixture of metallocene catalysts or a mixed metallocene/Ziegler catalyst system,
are also considered as catalyst "types" for the method of the present invention.
[0067] In general, significant variations, even within the above "types" of catalyst are not common within a particular
polymerisation campaign. Thus, the catalyst used in production of the earlier polymer, the first polymer (where not the
earlier polymer) and second polymer is likely to be the same or similar even within these general "types". By "similar"
is meant within the same catalyst family. A catalyst family may be characterised by the fact that the catalysts therein
are of the same type and produce powders with similar physical properties vis à vis absorption/desorption of comonomers
[0068] For example, metallocene catalysts within a catalyst family are likely to be based on the same active metal
and ligands. Similarly, similar or the same activators or other catalyst additives are likely to be used throughout large
parts of a campaign.
[0069] Most preferably, the same catalyst is used for production of the earlier polymer, the first polymer (where not
the earlier polymer) and second polymer.
[0070] Generally, when the comonomer is not changed during a transition, the amount of the comonomer, in particular
the amount of comonomer relative to the principal olefin is usually changed for the transition. This change is generally
reflected by the polymerisation temperature change, and therefore accounted for in the dependency of X2 on T2.
[0071] The amount of other reactants, for example hydrogen, may also be changed as may be required for the transition.
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In general, changes in such components do not have any significant influence on the subsequent degassing.
[0072] The reaction pressure is usually approximately constant before and after the transition.
[0073] As described above, in one embodiment of the first aspect of the invention, the polymers to be produced may
be grouped into temperature bands, for example of 10°C or 5°C, within with all polymers will be degassed using the
same purge rate. This principal can also be applied generally to the polymerisation campaign such that particular de-
gassing rates are applied for each band.
[0074] In a second aspect, therefore, the present invention provides a method for production of three or more polymers
during a polymerisation campaign in a polymerisation apparatus, said polymerisation apparatus comprising a reaction
vessel and a degassing vessel, and said method comprising:

(a) producing a first polymer,
(b) transitioning from production of said first polymer to production of a second polymer,
(c) producing said second polymer,
(d) transitioning from production of said second polymer to production of a third polymer,
(e) producing said third polymer,
(f) repeating said steps as required to transition to and produce any further polymers to be produced,

each polymer being produced by bringing a principal olefin and a comonomer into contact with a catalyst under gas
phase polymerisation conditions in the reaction vessel to form the said polymer, and said polymer being subsequently
contacted with a purge gas in the degassing vessel to remove unreacted monomers,
wherein the production of all said polymers uses the same principal olefin but for each transition at least one of (i) the
comonomer used and (ii) the reaction temperature at which the polymer is produced is changed, with the further proviso
that in at least one transition the comonomer used is changed and in at least one transition the reaction temperature is
changed,
and characterised in that:

for each comonomer to be used in the polymerisation campaign, two or more bands covering a range of temperatures
within the total range of temperature used to produce the polymers using said comonomer are defined, each of the
three or more polymers to be produced during the campaign being produced at a temperature which falls within one
of the defined bands for the relevant comonomer and each band having associated with it a flow rate for purge gas
in the degassing vessel,
wherein, during production of each polymer to be produced, the flow rate of purge gas in the degassing vessel is
at least equal to the flow rate associated with the band within which said polymer falls, and
unless the transition is from one polymer to another polymer within the same band, during each transition the flow
rate in the degassing vessel is changed to a flow rate at least equal to the flow rate associated with the band within
which the polymer being transitioned to falls.

[0075] The second aspect of the present invention provides a number of bands with associated flow rates of purge
gas for the degassing vessel, based on the temperature of the polymer production and the comonomer used. There are
at least two bands for each comonomer to be used during the campaign, and since at least two comonomers are used
(there must be a comonomer transition) at least 4 bands are defined in total.
[0076] Preferably, the full range of possible reaction temperatures for each comonomer to be used is split into con-
secutive, non-overlapping bands, each with an associated flow rate for the purge gas in the degassing vessel. A typical
range of reaction temperatures could be 70°C to 120°C, or wider, and typically, for each comonomer, there are least 5
bands each covering a temperature range of 10 °C or less.
[0077] The bands may be suitably presented or represented in a Table or matrix with the comonomer on one side
and the temperature bands on the other in a general form as shown below in table 1a, and as a more specific example
in Table 1b:

Table 1a

Comonomer

Temperature band A B C

a - <b °C X1 Y1 Z1

b - <c °C X2 Y2 Z2
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[0078] In the above Tables, the values X1, X2, Y1, Y2 etc. each represent a flow rate of purge gas in the degassing
vessel for a polymer to be produced using the relevant comonomer and in the relevant temperature band, such that
during production of each polymer the flow rate of purge gas in the degassing vessel is at least equal to the associated
flow rate. Thus, with reference to Table 1b above, for production of a polymer of the principal olefin and 1-hexene at 85
°C, a flow rate at least equal to Y2 is used.
[0079] Unless the transition is from one polymer to another polymer within the same band, during each transition the
flow rate in the degassing vessel is changed to a flow rate at least equal to the flow rate associated with the band within
which the polymer being transitioned to falls. Again, with reference to Table 1b above, for transition from a polymer of
the principal olefin and 1-hexene at 85 °C to a polymer of the same principal olefin and 1-hexene at 95 °C, the flow rate
is changed from a flow rate at least equal to Y2 to a flow rate at least equal to Y3. For a transition from a polymer of the
principal olefin and 1-hexene at 85 °C to a polymer of the same principal olefin and 1-octene at 85 °C, the flow rate is
changed from a flow rate at least equal to Y2 to a flow rate at least equal to Z2.
[0080] The values X1, X2, etc., are selected as the minimum degassing flow rate to provide the required (safe)
degassing rate across the temperature band for said particular comonomer and temperature band. The flow rate in each
band will usually be based on the lowest temperature operation in each band, since this requires the highest degassing
flow rate.
[0081] In general, it is desired to operate with a flow rate of purge gas in the degassing vessel at the associated value
for a particular polymer (i.e. X1, X2 etc.) or close thereto, by which is meant with less than a 10% increase compared
thereto, since any additional flow rate is extra cost with no economic benefit. Each Table is specific for a particular
principal olefin e.g. ethylene, but this is not generally changed in a particular process.
[0082] As with the first aspect of the present invention, and again without wishing to be bound by theory, the second
aspect of the present invention arises from the fact that other than the comonomer and the reaction temperature, a
number of the variables which might affect the degassing process do not change, or the changes e.g. monomer con-
centration, will not have a significant effect on the degassing requirements.
[0083] Although not necessarily so limited, in general, the very simple relationships between the degassing rate
required for polymers using the same comonomer but for reaction at different temperatures will generally apply as in
the first aspect.
[0084] Thus, X2, X3 and X4 are usually at least 1% lower than X1 for each 1°C increase in temperature between the
start-point of the respective bands i.e. "b", "c" and "d" compared to "a" in Table 1a, 80°C, 90°C and 100°C compared to
70°C in Table 1b.
[0085] Preferably, X2, X3 and X4 are no more than 3% lower than X1 for each 1°C increase in temperature between

(continued)

Comonomer

Temperature band A B C

c - <d °C X3 Y3 Z3

d - <e°C X4 Y4 Z4

Etc. .... .... ....

Table 1b

Comonomer

Temperature band 1-butene 1-hexene 1-octene

70-<80°C X1 Y1 Z1

80-<90°C X2 Y2 Z2

90-<100°C X3 Y3 Z3

100-<110°C X4 Y4 Z4

Etc. .... .... ....
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the start-point of the respective bands and most preferably are lower by an amount of 2% to 3% for each 1°C increase.
[0086] As mentioned in respect of the first aspect of the present invention, it would be possible in an overall campaign
to determine degassing flow rates for every individual polymer to be produced based on the temperature and the
comonomer to be used, However, this second aspect of the present invention takes advantage of the fact that, for
practical operational purposes, it is generally more convenient to define temperature bands, for example of 10°C or 5°C,
where the purge rate is not changed for transitions between products produced within a particular temperature band,
the purge rate only being changed when a transition occurs to a temperature in another band, or when the comonomer
is changed.
[0087] Generally, the narrower the bands in this second aspect the more optimum is the degassing over a range of
products, so a range of 5°C or less is preferred for each band. As specific examples, the defined bands maybe 70-
<75°C, 75-<80°C, 80-<85°C, 85-<90°C, 90-<95°C etc, although it will be readily apparent that other bands of width of
5°C may be equally valid. Equally there is no necessity for the temperature bands to be a uniform range, e.g. 5°C, across
the full operational window of polymer production. For example, a band of 5°C may be used at "lower" temperatures,
and a wider band, of e.g. 10°C, may be used at "higher temperatures". For "simplicity" the same bands are usually used
for all comonomers, although again this is not strictly necessary.
[0088] The second aspect of the present invention provides a robust but relatively simple control system for ensuring
that all polymers to be produced are adequately degassed. Compared to "conventional" processes where a single
degassing flow rate is used for all polymers, significant reductions in purge gas flow rate are achieved for many polymers.
The method is, however, much simpler than trying to define individual flow rates for all polymers to be produced during
a campaign.

Example

[0089] The following Example illustrates the method of the present invention.
[0090] All polymers are produced in a gas phase fluidised bed reactor using a Ziegler Natta catalyst. The reactor
diameter is 4.5m and a bed height of 16 m was used. The degassing process comprises three stages. The first stage
is a flash column in which the pressure is released. No stripping gas is used in this stage. The second stage uses a
fixed flow of recycle purge gas. The third stage uses nitrogen as purge gas.
[0091] The flow rate of nitrogen is varied in said third stage dependent on the polymer being produced. The flow rate
is defined for a series of bands and dependent on the comonomer to be used as described above.
[0092] The results of a polymerisation campaign are shown in Figure 1.
[0093] The initial polymer produced was an ethylene/1-butene copolymer produced at a temperature of approximately
108°C. A nitrogen flow rate of 730 kg/h was used.
[0094] The first transition was to production of an ethylene/1-hexene copolymer, also produced at a temperature of
approximately 108°C (there is a slight drift downwards in temperature). The nitrogen flow rate was increased to 1030 kg/h.
[0095] The second transition was an increase in temperature to approximately 110°C without a change in comonomer
to produce a different grade ethylene/1-hexene copolymer. In the present example, this is within the same temperature
band as the previous product, and no change in flow rate is made.
[0096] Subsequently, a further temperature increase is made to approximately 113°C to produce a further different
grade ethylene/1-hexene copolymer. In this case, the new temperature is in the next temperature band, and the flow
rate of nitrogen is reduced to 780 kg/h.
[0097] The temperature was then reduced back to approximately 108°C, again using 1-hexene as comonomer. Thus,
the temperature is back within the same band as the earlier ethylene/1-hexene compolymers produced, and the nitrogen
flow rate was increased back to 1030 kg/h.
[0098] Finally, whilst staying at 108°C the comonomer was changed back to 1-butene. This product is the same as
the original product and correspondingly the nitrogen flow rate is changed back to the original value of 730 kg/h.

Claims

1. A method for transitioning from a first process for production of a first polymer to a second process for the production
of a second polymer during a polymerisation campaign in a polymerisation apparatus, said polymerisation apparatus
comprising a reaction vessel and a degassing vessel, in which the respective first and second processes each
comprise:

(a) bringing a principal olefin and a comonomer into contact with a catalyst under gas phase polymerisation
conditions in the reaction vessel to form the respective first or second polymer, wherein said first and second
process utilise the same principal olefin but differ in at least one of (i) the comonomer used and (ii) the reaction
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temperature at which the polymer is produced, and
(b) subsequently contacting the respective first or second polymer with a purge gas in the degassing vessel to
remove unreacted monomers,

characterised in that the method for transitioning comprises changing the flow rate of purge gas in the degassing
vessel from a first rate, X1, used for degassing of the first polymer to a second rate, X2, used for degassing of the
second polymer, the second rate being defined relative to the flow rate, Xi, and temperature, Ti, used for an earlier
polymer produced during the campaign using the same comonomer as the second process, and the reaction tem-
perature, T2 in the second process, and that

a. where T2 is increased relative to Ti, X2 is at least 1% lower than Xi for each 1°C increase in T2 compared to Ti,
b. where T2 is decreased relative to Ti, X2 is at least 1% higher than Xi for each 1°C decrease in T2 compared
to Ti, and
c. where T2 is equal to Ti, X2 is at least equal to Xi, preferably equal to Xi.

2. The method according to claim 1 wherein T2 is increased relative to Ti, and X2 is no more than 3% lower than Xi for
each 1°C increase in temperature in T2 compared to Ti.

3. The method according to claim 1 wherein T2 is decreased relative to Ti, and X2 is increased by less than 10%
compared to Xi for each 1°C decrease in temperature in T2 compared to Ti.

4. The method according to claim 1 wherein T2 is equal to Ti, and X2 is less than 5% greater than Xi.

5. The method according to any one of the preceding claims wherein each polymer produced during the campaign will
have a degassing flow rate defined based on its actual production temperature and the comonomer used, such that
every change in reaction temperature results in a change in the flow rate in the degassing step to correspond to the
required flow rate for the second polymer being transitioned to.

6. The method according to any one of claims 1 to 4 wherein there are defined temperature bands and where the
purge rate is not changed for transitions between products produced within a particular temperature band, the purge
rate only being changed when a transition occurs to a temperature, T2 in another band to that of T1.

7. The method according to any one of the preceding claims in which the principal olefin is selected from ethylene and
propylene and the comonomers olefin is selected from 1-butene, 1-hexene and 1-octene.

8. The method according to any one of the preceding claims wherein the purge gas is an inert gas or is recycle purge
gas, or comprises a mixture thereof.

9. The method according to any one of the preceding claims wherein the same catalyst is used for production of the
earlier polymer, the first polymer and second polymer.

10. A method for production of three or more polymers during a polymerisation campaign in a polymerisation apparatus,
said polymerisation apparatus comprising a reaction vessel and a degassing vessel, and said method comprising:

(a) producing a first polymer,
(b) transitioning from production of said first polymer to production of a second polymer,
(c) producing said second polymer,
(d) transitioning from production of said second polymer to production of a third polymer,
(e) producing said third polymer,
(f) repeating said steps as required to transition to and produce any further polymers to be produced,

each polymer being produced by bringing a principal olefin and a comonomer into contact with a catalyst under gas
phase polymerisation conditions in the reaction vessel to form the said polymer, and said polymer being subsequently
contacted with a purge gas in the degassing vessel to remove unreacted monomers,
wherein the production of all said polymers uses the same principal olefin but for each transition at least one of (i)
the comonomer used and (ii) the reaction temperature at which the polymer is produced is changed, with the further
proviso that in at least one transition the comonomer used is changed and in at least one transition the reaction
temperature is changed,



EP 2 172 495 A1

11

5

10

15

20

25

30

35

40

45

50

55

and characterised in that:

for each comonomer to be used in the polymerisation campaign, two or more bands covering a range of tem-
peratures within the total range of temperature used to produce the polymers using said comonomer are defined,
each of the three or more polymers to be produced during the campaign being produced at a temperature which
falls within one of the defined bands for the relevant comonomer and each band having associated with it a
flow rate for purge gas in the degassing vessel,
wherein, during production of each polymer to be produced, the flow rate of purge gas in the degassing vessel
is at least equal to the flow rate associated with the band within which said polymer falls, and
unless the transition is from one polymer to another polymer within the same band, during each transition the
flow rate in the degassing vessel is changed to a flow rate at least equal to the flow rate associated with the
band within which the polymer being transitioned to falls.

11. A method according to claim 10, wherein the bands are represented as follows:

Where:

A, B and C represent different comonomers,
a, b, c etc. represent temperatures, and
X1, X2, Y1, Y2 etc. each represent a flow rate of purge gas in the degassing vessel for a polymer to be produced
using the relevant comonomer and in the relevant temperature band,
such that during production of each polymer the flow rate of purge gas in the degassing vessel is at least equal
to the associated flow rate.

Comonomer

Temperature band A B C

a - <b °C X1 Y1 Z1

b - <c °C X2 Y2 Z2

c - <d °C X3 Y3 Z3

d - <e°C X4 Y4 Z4

Etc. .... .... ....
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